Abstract
Introduction
During the 1900s the inception of the idea to use microbes to produce electricity started taking shape, which eventually led to the use of microbial fuel cell or MFC technology. This relatively unexplored territory has however gained attention as alternate energy sources are entering the society. Topsoil is filled with bacteria species that decomposes organic matter and release electrons a part of the natural process, and since these soil microbes are abundant in nature, these become an exciting prospect for renewable energy as no toxic chemicals are used and process employing locally sourced material. The MFC setup includes an electrochemical cell with its two electrodes (anode and cathode), and a membrane. For MFCs fuel enters through the anode and leaves from the cathode.
Bacteria that can convert organic matter in the soil to electricity are mainly from the Proteobacteria phylum: Shewanella (Family: Shewanellaceae) and Geobacter (Family: Geobaceraceae). Shewanella appeared in a comic book as "Shewy, the Electric Bacterium" in educational kits that are available for students and hobbyists to understand how microbes contribute to charge density in the soil by giving out electrons after consuming organic matter from it [1] . The fact that these soil microbes live in abundance in all soils makes them an interesting prospect to study their ability to release electrons [2] and see how with varying parameters it is affected. We explore this phenomenon with the Himalayan soil of Dehradun in India and speculate the use of the power it produces.
Present work focuses on the following areas: Study the sub-Himalayan soil available in Dehradun with a microbial fuel cell and see if it is capable of producing any power.
Observe and record if any power is produced, the peak power and when it starts to drop.
Adding nutrients and secondary chemicals (example: sodium acetate) to soil and check how it affects the microbial growth (positively or negatively)
Speculate the possibility of scaling up the present system in an efficient manner which can then be sold to villagers at an easily affordable price and they can power their own small scale utility devices just by using the local soil. 
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This work is considered important as it shows that the electro-genic bacteria which can work in a Microbial Fuel Cell exist in Uttarakhand i.e. Indian soil as well. Through our investigation we have opened a plethora of possibilities to experiment and collect more data about the soil in the Himalayan ranges of Uttarakhand. The power of the MFC can be increased by putting the MFC (stacked approach). Renewable and clean forms of energy are one of society's greatest needs. The direct conversion of organic matter to electricity using bacteria is possible in MFC; use of compost is a future prospect. Expensive and toxic chemicals were not needed for mediated electron transfer. Such technology has the possibility to be used even for rural and urban waste management which includes cleaning of river, production of electricity simultaneously.
There is no literature available on this topic for the soil of Uttarakhand, or strictly speaking the soil in this region. There was some interaction with associates from forest research institute (FRI) and Wadia Institute of Himalayan geology, and it is seen that they have data on soil profiles but no studies on microbial profile of the soil. This gives the project an added significance as it would contribute to increase the sphere of knowledge of the soil in terms of power production capacity of microbes in the soil (if any).
Background
At Penn State University, Prof. Bruce Logan, one of the most eminent names in MFC research is working on developing MFCs that can generate electricity while accomplishing wastewater treatment. In a project supported by the National Science Foundation (NSF), they are researching methods to increase power generation from MFCs while at the same time recovering more of the energy as electricity [3] . A study conducted by a group at Steven Institute of Technology in New Jersey, USA observed the relationship between organic matter and electrical capacity of MFC fuelled by the sample. High percentage of organic matter in sample resulted in higher electricity production of MFCs powered by that sample [4] . NSN Hishan et al. showed that an MFC has the ability to generate electricity from the wastewater while simultaneously removing carbon and nitrogen [5] .
A study by Pranab Barua et al. [6] demonstrated that the first order derivative of voltage generated from an MFC with respect to time is a negative constant. Hence change in voltage with respect to time is independent of time. The key finding of this work has been the mixture of bio-wastes used that resulted in high potential current than any single component. The study used specific quantities of cow dung, sewage water, rice washing water individually and combined with slurry. Cell life decreased after addition of slurry but increased after adding vermicompost, thus confirming to the organic matter consumptions of the microbes.
Fuel cells are considered technologies which are of the need for the 21st century and a potent tool to tackle problems from the combustion technologies. Due to their high efficiency and very little environmental impact, they have emerged as a potent alternative. Space exploration already uses fuel cells and with MFC its use to generate renewable power [7] from soil can be speculated. The work presented in this project highlights an initiative, though small, but if implemented in the right direction can be scaled up to industrial processes working entirely with microbial action. Also it will not be restricted to top soil/mud but waste to energy and other biochemical disciplines as well.
There has been an emphasis on production of fuels through biochemical processes in recent years, to name a significant one would be at IIT-Kharagpur where a group under Prof. Debabrata das is working on production of bio-hydrogen and optimizing the process essentially to bring it from R&D phase to commercialization [11] . The project has the financial support of ONGC and research collaborations from European countries as well. Photo-bioreactors are studied with microbes as part of the carbon sequestration initiative, cultures of chlorella, at UPES [12] at bio-diesel lab and also at Abellon clean energy, a bio-energy company [13] based in Gujarat (to name a few). It must be mentioned that almost all bio-energy projects are in R&D phase nation-wise and are yet to reach commercial viability.
If we look back at the history of soil microbes or simply put bacteria in the soil, they go back all the way to early life (cyanobacteria), these primitive life forms, made our planet green through oxygenic photosynthesis, and set the stage forever more complex life forms to arrive. These microbes millions of years ago figured out how to run those complex cellular processes and they do it even today, and hence are an integral part of nature and life as we know it. The cyanobacteria made this planet green and today when we suffering from pollution problems from combustion technologies and looking for green alternatives/energy, what better than microbe species to explore and make part of this initiative. The only limitation of such processes is they take time, as almost all natural processes do. The findings of this work also reported the same, for results the time sometimes included a week or sometimes more than a week.
Limitations are coupled with all scientific investigations and it is believed that over time they become a part of the process, given the work develops into a scalable and usable utility. Although it must be mentioned the system that has been used in this work experienced over acidification in the soil between the anode and cathode which is a rare occurrence, yet happened and during that time power output became significantly low, such has been discussed later in this work.
Prospect for MFC in Uttarakhand
In the remote locations of the foothills of the Himalayas, there are still many villages with little or no access to electricity. The reason sometimes is extending grid power to remote location comes with a significant price, or otherwise the geo-political scenario. This work reported by the authors ambitiously takes into account the study of Himalayan soil available in a particular region within Uttarakhand and primarily checks the soils capability, i.e. if it can produce power and if so what is the peak power it can produce, which is done by exploiting the microbes in the soil.
The secondary task being to speculate, if enough power is produced, and if so whether it can power small lamps, or less energy intensive utility devices. It is proposed to test MFC on Himalayan soils of Uttarakhand, district Dehradun, situated in NW corner of Uttarakhand state and extends from n latitude 29°58' to 31°02'30" and e longitude 77°34'45" to 78°18'30". In this work we have tested the soil from Bidholi, Dehradun and reported the voltage it generates between the anode and cathode and also the power characteristics.
As for international research on similar topic, Prof. Bruce Logan at the Penn. State University in the US is working on production of hydrogen from microbial fuel cell and also in the same apparatus, purification of water; primarily working on making water infrastructure energy sustainable in the next 20 to 25 years. There are many researches going on with MFCs [9] but specifically understanding the soil microbes and enhancing the process has not gone through significant feats.
Methodology
The basic setup used is a microbial fuel cell, the components include, an anode, cathode, an air tight vessel and other secondary materials. As given in Figure 1 . 
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It must be mentioned that the anode and cathode are made of conductive fibers, which can cause electrical short circuits, to prevent any damage they must be kept away from other electronic devices. The cathode assembly has two parts: cathode felt and the cathode wire which is made of titanium. Similar is for the anode assembly: anode felt and the titanium wire. The vessel will be filled up with a specific quantity of soil the anode will be placed in the mud where the microbe specie can grow, while the cathode will be on top of the soil layer exposing it to oxygen in the space between the container lid and the felt. Both cathode and anode are made of grapheme connected to titanium wires. This is explained in Figure 2 . This cycle happens over and over, trillion of times every second. This continuous flow of electrons is the generation of electricity, which power the small electronics. The Blinker Board (part of the electronics, refer to Figure 1) gives a visual indication that the microbial community is producing power, All Blinker Board electronics use lead-free solder. The function of the components:
a. Hacker board: The hacker board takes the low voltage and low current coming from the system and converts into short bursts of higher voltage and higher current. It contains Voltage-boosting microchip and 8-pin hacking socket. b. Capacitor: Energy storage component, it is able to build up energy as power comes in from the system, and discharge that energy in a quick burst to blink the LED. c. LED: The Light Emitting Diode takes the electrons being discharged by the capacitor and converts the electron's energy into light energy. The LED will start glowing only when the voltage generated across the terminals is greater than 0.35V. The Power can be calculated directly using the multimeter and for taking power measurements and assessing the health of the microbial community. Seven resistors were used as shown in Figure 3 , with values of 47Ω, 100Ω, 220Ω, 470Ω, 1kΩ, 2.2kΩ, and 4.7kΩ respectively.
To find power output (including max, power), power for each resistor is calculated using Ohm's law. V= I.R also, P = V.I Therefore, where Power is in Watts, voltage is in Volts, Resistance is in Ohms, and current is in ampere.
As far as analogies are concerned it can be deduced that only when voltage difference exists between terminals, current will be flowing. Similar to pressure drop allowing fluid to flow. Early experiments investigated the possibility of generating power from the local soil available at Bidholi, Dehradun. The geographical details are as follow: Sample size for all experimental data is: For sample below anode: 6cm×6cm×2cm (weighing around 84 gm. on average). For sample below cathode and above anode: 6cm×6cm×3cm (weighing around 91 gm. on average).
Detailed graphical analysis of the experiments based on Voltage generated will be discussed now, which demonstrates the fact that soil microbes in this region are capable of producing voltage across terminals using the soil as an electrolyte, now throughout all experiments there were some limitations which will be discussed later. 
Result and Discussions
For the graphs given in Figures 4(a, b) the voltage developed is studied over time, the soil is prepared, and the whole setup is kept under observation, for the first batch the primary target was not to check power production but to investigate if any voltage is generated across the electrodes, this study was started from 14th Jan, 2016 and was done up to 16th Jan, 2016. A 48 hours period was the total duration of the first experiment. Figure 4a . For the first 12 hour study the peak voltage was 361mV
Now it must be remembered that soil microbes especially bacteria prefer temperatures above 28°C but less than 60°C, at this time of the year in Bidholi, temperature stays around 24°C during the day and drops to around 8°C at night, so this attributes to a limiting factor hence it is assumed that voltage generated (if any) would be significantly low for this study, as temperature is on the colder side and the time given to the microbes to generate electrons is only 48 hours. But however it must be remembered that this experiment is not for investigating peak power but to see if any voltage is generated in this setup by the soil bacteria via the process we have suggested. confirms that potential can exist with the local soil here between the anode and cathode, one hour after charging the system, the value shot up to 267 millivolts (mV). Over time this value increased and for that day the peak voltage value was 361 mV. For figure (b) , it is reported the value of voltage starts dropping, now for this there is a very good explanation.
Ideally this system can develop a big community of microbes and can work for a month or even a year, but since in this investigation we only wanted to see the voltage generated across the terminal, we kept it open circuit i.e. the cathode and the anode were not connected to the pins on the Blinker/Hacker board. And the value of voltage was taken by connecting the multimeter with alligator clips and the other end of the clips directly to the titanium wire of the anode and cathode.
Before going on to experiments to see peak power produced and its characteristics it is of interest to see how the soil bacteria reacts to certain materials, for this investigation we have considered two substances, salt and sodium acetate (CH 3 COONa).
Sodium chloride or table salt is the most commonly available material in soil and water, we made an investigation where saline water is mixed with the soil and response of the microbes are recorded, in terms of voltage over time, while for sodium acetate some literature from a University in Boston (United States) who made a similar soil based experiment with MFC found that bacteria loves consuming acetate [8] , this triggered us to make a study with our local soil and see how the soil microbes react to it. 
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For figure 5a, the peak voltage recorded 90mV and then it started dropping within that 24 hours, thus showing that bacteria specie in soil is highly salt intolerant and cannot produce power where the salinity concentration in the soil is high. For this experiment 25gm of salt was added to the soil. This outcome was somewhat expected, as salinization of soil is recognized as one of the most pressing environmental challenges. It is reported that elevated sodium (Na+) decreases plant growth. For figure 5b, some literature has suggested that MFC's running with soil as electrolyte has a remarkable influence on the power produced by soil microbes, but given sample taken for this investigation reports poor microbial growth. Two separate samples were taken and they both peaked up to 83 mV and 119 mV respectively in a 72 hours study. Figure 6a represents the second system which was setup in the mid of February 2016, when temperature was between 28°C in the morning to 15°C at night, the setup with salt solution was observed for few hours because previous graphical analysis, from Voltage vs. Time plot it was concluded that saline condition do not allow much microbial growth hence this study was completed within 24 hours. This investigation for generating power with salt solution showed that the power stabilized around 100uW. Figure 6b , shows power production with sodium acetate (CH3COONa) solution, now this has been very interesting, in the previous case it is reported that power continued to increase very slowly after 100uW, in this case it is seen after reaching a peak value of 89uW the power production started dropping all the way up to 18uW, and then it was discontinued. This behavior was somewhat unexpected, the authors deduce that Himalayan soil or simply soil microbes in this region do not consume acetate the way some literature suggested. Now the following discussion will show the maximum power output reported from Himalayan soil using the MFC system, for this system there were significant enrichment of the soil that was done, For the anode, the soil sample was mixed with Nutrient 1 and the sample below cathode was mixed with Nutrient 2. The details of them are as follow:
a For the graph at Figure 7a , we see the peak power produced by the system in two weeks' time is 0.99 milliwatts, and then it drops, the value fluctuates because different resistors are used to record the voltage which then fed into the equation: P= V2/R gives the power produced. This investigation could have been continued further to see how much power can it produce and given the observation made, it is very clear that power value will again increase.
In the study explained graphically in Figure 7 , some very interesting observations are reported. Referring to figure 7b, it is seen that voltage generated across the terminals increases rapidly up to 1.54 Volts, the study was discontinued after that to see the power production, However, the graph given demonstrates the capability of the soil microbes to produce voltage not in the range of milli to micro, but a higher range and if this is allowed to continue (say for a month), there can be some remarkable current produced from the system which we can then speculate to help light less energy intensive devices at rural levels where electricity is still not available. The Microbial fuel cell generates DC or direct current, and with increasing resistance the value of Power produced goes down as both are inversely related to each other. 
Conclusion
This work investigated the power producing capabilities of soil bacteria, because there was no such literature available on Indian soils for such, this work is considered important in that it has shown that the electrogenic bacteria which can work in a Microbial fuel cell exists here as well, for this work a specific location in India, Uttarakhand, in Dehradun at Bidholi is taken for the soil sample. For sample sizes of 6cm×6cm×3cm this MFC system has produced peak power of 0.99 milliwatts, so it can be speculated with bigger sample size i.e. scaling up this system can produce significant power. Also it must be mentioned because of time limitation most of the investigations in this work were restricted to maximum of two weeks, so the spectrum of possibilities are wide open for this kind of renewable energy technology to grow as this work has shown that the system works. Furthermore, once the power has stabilized for the system we have used, small electronics can be plugged into the Blinker Board and can be operated. The system did show some limitations such as: water build up over the cathode, and the power production is low if temperature is below 24°C but having said that this work has demonstrated the top soil use and also showed the use of salt solution, chemicals like sodium acetate, and tomato pulp. There is literature available, as discussed earlier, which shows use of vermicompost, which makes the soil further enriched with nutrients.
The concept of Microbial Fuel Cells can be used in places lacking proper sanitation and electricity, the process of generating electricity in these can also purify water [10] . Also present work went with direct electron transfer process, hence no cost related to use of chemicals.
